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Abstract 
Background: Many students are academically at-risk, and while some of them are getting help through 
special schooling, they might also be experiencing other underlying issues that could be affecting their 
educational success such as vision problems, dyslexia, and/or Attention Deficit Disorder/ Attention Deficit 
Hyperactivity Disorder (ADD/ADHD). Methods: Thirty-one students from a high school for academically 
at-risk youth volunteered for (with a monetary incentive) and were administered a battery of tests for 
vision, dyslexia, reading, and eye movements. Information was also collected regarding ADD/ ADHD and 
medications for each subject. All data was then compared to norms for pass/fail, and statistical analysis 
was performed on those with vision problems versus those without. Results: Twenty-two (72%) subjects 
failed at least one vision testing category. In addition to normal vision screening tests, students could 
also pass/fail supplementary vision tests not generally included in a vision screening. Statistical analysis 
identified three out of the nineteen potential categories comparing students with vision problems to 
students without vision problems as being significantly different, i.e. whether any difference between the 
groups is a matter of chance, e.g. due to experimental error. The significant categories were: 
accommodative facility, vergence facility, and distance rock. A correlation matrix was run to compare 
subjects' actual grade levels to grade level placements from the Dyslexia Determination Test (DDT), 
Informal Reading Inventory (IRI), and Visagraph to see if one is a predictor of any of the others, and 
results determined that they do not parallel one another. Twenty (64%) of the subjects were identified as 
having ADD/ADHD, while 24 (77%) were reported to be on some form of medication. Conclusions: The 
results from this study suggest that academically at-1isk adolescents demonstrated a high frequency of 
vision problems, dyslexia, and/or ADD/ADHD. 
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ABSTRACT 
Background: Many students are academically at-risk, and while some of them are getting help 
through special schooling, they might also be experiencing other underlying issues that could be 
affecting their educational success such as vision problems, dyslexia, and/or Attention Deficit 
Disorder/ Attention Deficit Hyperactivity Disorder (ADD/ ADHD). 
Methods: Thirty-one students from a high school for academically at-risk youth volunteered for 
(with a monetary incentive) and were administered a battery of tests for vision, dyslexia, reading, 
and eye movements. Information was also collected regarding ADD/ ADHD and medications for 
each subject. All data was then compared to norms for pass/fail, and statistical analysis was 
performed on those with vision problems versus those without. 
Results: Twenty-two (72%) subjects failed at least one vision testing category. In addition to 
normal vision screening tests, students could also pass/fail supplementary vision tests not 
generally included in a vision screening. Statistical analysis identified three out of the nineteen 
potential categories comparing students with vision problems to students without vision 
problems as being significantly different, i.e. whether any difference between the groups is a 
matter of chance, e.g. due to experimental error (p~0.05 = 95% confidence). The significant 
categories were: accommodative facility, vergence facility, and distance rock. A correlation 
matrix was run to compare subjects' actual grade levels to grade level placements from the 
Dyslexia Determination Test (DDT), Informal Reading Inventory (IRI), and Visagraph to see if 
one is a predictor of any of the others, and results determined that they do not parallel one 
another. Twenty (64%) of the subjects were identified as having ADD/ADHD, while 24 (77%) 
were reported to be on some form of medication. 
Conclusions: The results from this study suggest that academically at-1isk adolescents 
demonstrated a high frequency of vision problems, dyslexia, and/or ADD/ ADHD. 
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Key Words: 
• Academically at-risk adolescents: students who have difficulty with learning and have not 
been successful in a regular school environment. 13 
• Dyslexia: a condition characterized by difficulty with reading and ~pelling. 25 
• Attention Deficit Disorder/Attention Deficit Hyperactivity Disorder (ADD/ADHD): the 
essential feature is a persistent pattern of inattention and/or hyperactivity-impulsivity 
that is more severe than is typically observed in individuals at a comparable level of 
development. 22 
• Accomodative facility: ability of the eye!s to focus on stimuli at various distances and in 
different sequences in a given period of time. 25 
• Vergence facility: ability of the eyes to make fusional vergence movements in a given 
period of time. 25 
• Phoria: the tendency for the two visual axes of the eyes not to be directed towards the 
point of fixation, in the absence of an adequate stimulus to fusion. 25 
• Rock: test to measure a combination of accommodative, convergent, and oculomotor 
facilityB 
• Accommodative amplitude: the maximum amount of accommodation which the eye can 
exert. 25 
• Stereopsis: awareness of the relative distances of objects from the observer, by means of 
binocular vision only and based on retinal disparity. 25 
• Visual acuity: capacity for seeing distinctly the details of an object. 25 
• Refractive error: the dioptric power of the ametropia (nearsighted, farsighted, 
. . ) ,f' h 25 astzgmatzsm, etc. OJ t e eye. 
• OD (oculus dexter): Latin for right eye.25 
• OS (oculus sinister): Latin for left eye. 25 
• OU (oculus uterque): Latin for both eyes. 25 
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Introduction 
The aim of this investigation was to determine the visual characteristics of an 
academically at-risk population. Thirty-one subjects were randomly selected from a high school 
for academically at-risk youth and were administered a battery of tests for vision, dyslexia, 
reading, and eye movements. Information was also collected regarding ADD/ ADHD and 
medications for each subject. All data was then compared to norms for pass/fail, and statistical 
analysis was performed on those with vision problems versus those without. 
• 
• 
• 
Questions 
Are there are a significant number of such students in a given population with one or 
more vision problems? 
Is there a correlation between the vision problems and their academic difficulties? 
Do the results from the Visagraph, Informal Reading Inventory, and Dyslexia 
Determination Test parallel one another? 
• How many of these students have Attention Deficit Disorder/ Attention Deficit 
Hyperactivity Disorder (ADD/ADHD) and is there any connection we can draw? 
Background 
According to the 2000 U.S. Census, the total population in the age range of 15-19 years 
old was 20,219,890 individuals, representing 7.2% of the total population. Of these young 
adults, 16,380,951 were in high school (grades 9-12), consisting of 21.4% of total school 
enrollment of persons over the age of 3.1 Sadly, over 8 million of these children have not had an 
eye examination.2 A common misconception that parents and teachers have is that the school 
vision screening is sufficient enough to catch any eye problems. The reality is that "pass/fail" is 
usually determined by a Snellen chart used to test strictly distance vision at 20 feet (standard 
1 
distance ... this is where the first 20 comes from in 20/20). Sometimes these charts are not even 
placed at the correct distance, yet they are still recorded as "20/--", which means the vision could 
be different than what the screening indicates! 
In 1996, it was estimated that over 700,000 students drop out of high school each year? 
One of the best predictors of academic performance is visual skills.4 Unfortunately for many 
students, the distance Snellen eye chart will not identify many problems that could have a 
profound impact on their schooling. One study indicated that less than 35% of children with 
visual problems would be idenitified.5 Such problems include near blur, eye-teaming, focusing 
ability, eye movement control, depth perception, visual perception, visual information 
processing, or the ability to sustain visual perf01mance adequately to meet the visual demands of 
the classroom.6 There are various factors which account for these visual difficulties, including 
visual acuity, refractive error, binocularity, and ocular health (see Appendix A). 
Visual studies by Bleything7 in the area of juvenile delinquency have shown that many of 
these adolescents experience general binocular and accommodative dysfunctions. In a study by 
Bleything in Stanislaus County Juvenile Hall (California), 477 juveniles were administered a 
visual screening battery upon their arrival. Of these, 62% failed the criteria and were referred for 
a complete optometric vision examination. 100% who failed the screening needed vision 
therapy, 82.8% needed a lens prescription for near, and 17% needed a lens prescription for far. 
According to Bleything, the visual profile of the juvenile delinquent is strikingly similar to that 
of the learning-disability population. 
Hoffman8 compared children with learning problems (as identified by educators, 
psychologists, and reading specialists) to those without known problems and found there to be a 
higher incidence of visual problems in the former group, particularly in binocular coordination 
2 
difficulties (86.9% vs. 36.0%). Scheiman et al. 9 conducted a study on 2,023 consecutive patients 
ranging in ages from 6 months to 18 years and revealed further conclusive data. 1,650 of the 
subjects were ages 6 years to 18 years and showed a considerable number of vision problems, 
including binocular (16.3%) and accommodative (6.5%) disorders. Hyperopia (farsightedness) 
and myopia (nearsightedness) were at the top of the list at 23.0% and 19.6% respectively. 
Simons and Grisham10 evaluated 15 studies connecting binocular vision and reading and found 
that all 15 showed a positive correlation between the two factors, concluding that poor readers 
exhibit significantly more binocular anomalies than those considered to be good readers. 
Evaluations of academically and/or behaviorally "at-risk" populations have revealed that as 
many as 85% of this them have undetected and untreated visual problems.11 •12 
Thomas Edison High School 
Thomas Edison High School (TEHS)13 in Portland, Oregon, was established to assist 
academically at-risk adolescents in succeeding. According to their website, TEHS was originally 
founded in 1973 as the Tree of Learning and is "an independent, alternative high school that 
provides unique opportunities for students with special learning needs to experience academic 
and personal success ... All of our students have difficulty with learning and have not been 
successful in a regular high school environment. Generally, IQ's are average to high. A 
significant number of our students have Attention Deficit Disorder (ADD) or Attention Deficit 
Hyperactive Disorder (ADHD), which impairs their ability to learn. Almost 90% of our students 
have dyslexia ... Some of our students also experience anxiety disorders and syndromes like 
Tourette's and Asperger'sY" 
Some quick facts about TEHS:13 
• Located on the campus of Jesuit High School in Portland, OR 
3 
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• Approximately 20% of TEHS students also attend upper level classes at Jesuit 
• Curriculum follows the State of Oregon' s graduation requirements 
• 2004-2005 tuition is $14,290 
• Financial aid is available (average award is 50%) 
• Classes run from late September to early June 
• Average class size is 7 students 
• 2003-2004 class body consisted of 64 students (16 freshmen, 21 sophomores, 12 
juniors, 15 seniors) 
• It is a closed campus setting, with supervision present at all times 
Subjects & Examiners 
This research study was conducted by two primary examiners (one third-year optometry 
student and one fourth-year optometry student) along 'with the assistance of other third-year and 
fourth-year optometry students. At least one optometrist was present at all times during testing 
and also contributed to help in the collection of data, e.g. ran one or more of the tests. The site 
for this research was Thomas Edison High School, an establishment set up to promote the 
success of academically at-risk students both scholastically and in the real-world. The school 
grade levels ranged from 9th to 12th grade with the only qualification for participation being the 
ability to commit to the time requirements of the testing. All testing was done on-site at the 
school in private rooms or offices with some testing done in the faculty break-room and hallway. 
All equipment and forms were provided by either Pacific University College of Optometry or by 
the optometry students themselves. 
The study included 31 participants who were drawn from the student body at Thomas 
Edison High School. A series of tests to evaluate oculomotor function and visual performance as 
4 
they relate to visual reaction time, visual endurance and visual skills underlying optimal 
academic, on-the-job, and athletic performance. Before any testing was initiated, an informed 
consent was signed by both the parents and the subjects. 
Methods 
Subjects were tested in twelve different areas of vision. It should be noted that only four 
of these categories (visual acuities, refractive errors, phorias, and stereopsis) are used by Pacific 
University's College of Optometry as criteria for passing or failing a vision screening. In 
addition to these norms, this experiment took it a step further and tested all subjects in four 
supplementary vision categories (accommodative facility, vergence facility, Distance Rock, and 
accommodative amplitude). Finally, all subjects were administered a seties of reading and 
comprehension tests (Informal Reading Inventory and Visagraph) as well as a test for dyslexia 
(Dyslexia Determination Test). 
The first test of the battery was to check visual acuities (VA) usmg two different 
methods. The first method was to check the VA using Snellen letters with a Log Mar style chart 
using the subject's habitual distance correction. The right eye, left eye, and both eyes together 
were tested at 4 meters using equivalent 20/20 demands. Using the same style chart the near VA 
was tested with both eyes together, but not monocularly with the subject's near habitual 
correction on. 
Once visual acuities were tested, the second category of testing was to check the 
refractive status of the subjects by using the handheld Retinomax K-2 Plus. 14 This was done 
under normal everyday circumstances (i.e. not cycloplegic.) Both right and left eyes were 
checked with contact lenses on (if a contact lens wearer) or with their spectacles off. 
5 
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The third category that was tested was the subject's binocular posture (phorias). This 
was done using the cover test method at distance (4 meters) and near (40 em) with the subject's 
habitual correction on, using appropriate accommodative demand targets. 
The fourth category that was tested was depth perception. This was accomplished using 
the Super Selwyn stereo test. The subjects wore their habitual near correction with polarized 
lenses in place. The first of the two 67 em tests was intended to familiarize the subject with the 
test but the data was not used for analysis, while the second test was used as data for this study 
This test is traditionally performed at 40 em, but by increasing the distance to 67 em, we created 
an extra demand for the depth perception which allowed us to test the limits of the subjects even 
further in an attempt to reach their threshold. While it is true that the disparity is quantified as 
Disparity= (PD x d)/D2, where PD =pupillary distance, d =depth interval, and Dis the viewing 
distance, the value d simulated in the stereogram increases in proportion to viewing distance. 
Therefore, when we change our viewing distance from 40 em to 67 em, simulated d changes, 
and the amount of retinal disparity decreases by a factor of 1.67X. For example, by going from 
40 em to 67 em, we increased the demand from 20" (arc seconds) to 12" (arc seconds). 
The fifth category that was tested was accommodative facility. This was accomplished 
by using+/- 2.00 D flippers at 40 em for 1 minute binocularly, using a three column sheet. The 
subject was required to make sure the letters were clear before calling out the first letter of the 
column, and then continuing on with the next set of letters. Suppression was tested before 
testing using the polarized bar reader and polarized glasses with +1- 2.00 flippers in place. If the 
subject suppressed with either plus or minus lens the facility testing was not completed. 
Suppression was also checked after accommodative testing using the same method as before 
facility testing. 
6 
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The sixth category that was tested was vergence facility. Testing was done using the 
three column sheet and an 81'. BilBO flipper at 40 em. The subject was required to call out the 
first letter of each set of three, but they had to make sure the letters were clear and single before 
calling them out. Suppression was checked before and after the test using the Polaroid bar reader 
with polarized lenses and the BilBO lens in place. If the subject suppressed then the test was not 
administered. 
The seventh test that was administered was Distance Rock Test. The first half of the test 
required the subject to alternate reading 20/80 letters at distance (6 meters) then at near (40 em) 
then back to the distance letters and so on and so forth for 30 seconds. The second part of the test 
requires the subject to do the same thing as before except with a 20/25 letter demand. The 
Distance Rock Test is scored on the basis of the number of cycles per minute the subject is able 
to do, and the number of mistakes that the subject made (e.g., loss of place, wrong letter called 
out, etc.). 
The eighth category that was tested was accommodative amplitude. This was done by 
using the Donder's push-up test with the subject wearing their habitual near correction 
(spectacles or contact lenses). This test was administered to the right eye, then left eye and then 
binocularly. The subject was pushed to either blur or breaking points as end points of the test. 
The ninth category that was tested was reading eye movement efficiency with 
computerized eye monitoring techniques using the Visagraph. The reading level was established 
by having the subject read a paragraph and checking for number of words incorrect and amount 
of difficulty the subject demonstrated. Once the appropriate reading level was found, then three 
separate test recordings were gathered from each subject. The first was thrown out, and the last 
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two were kept and averaged together to establi sh a mean grade level and reading comprehension 
level. 
The tenth category that was tested was to establish an approximate reading level. This 
was done using the Informal Reading Inventory by Bums and Roe 6th edition.15 This test 
establishes a reading level via grade leveled words which the reader is required to read quickly 
and accurately. Once the reading level is determined, the subject is then required to read a story 
at this level. Each word that is missed or pronounced incorrectly counts against them. If the 
subject is unable to attain an expected percentage of words correct at this level, then the reading 
level is decreased until the proper reading level is found. The subject is then tested at the proper 
reading level, and then he/she is administered reading comprehension questions about the story. 
Subjects must achieve a minimum of 75% comprehension in order for the level to count. This 
establishes a reading level and reading competency useful for tracking improvement and 
determining the effects of improvement with intervention. 
The eleventh category of assessment was decoding language processing or dyslexia. This 
was done using the Dyslexia Determination Test by Griffin and Walton 2nd Edition. 16 
Subject (Student) 
_I 
~-
Vision screening Supplementary vision Reading 
tests (Table 1) tests (Table 2) tests (Table 3) 
1. Visual 1. Accommodative 1. Informal Reading 
acuity facility Inventory 
2. Refractive 2. Vergence facility 2. Visagraph 
error 3. Distance Rock 3. Dyslexia 
3. Phoria 4. Accommodative Determination Test 
4. Stereopsis amplitude 
8 
Results 
Data from thirty-one subjects attending a high school for academically at-risk students 
were included in this data analysis. A modified version of the Pacific University College of 
Optometry (PUCO) standards for screening referral criteria was used to grade results as passing 
or failing (Appendix A). The PUCO criteria are based primarily on information presented in the 
Orinda Study, 17 which has become the standard for vision screenings to date. Of the thirty-one 
subjects who participated, a total of nineteen failed one or more categories of the modified 
PUCO screening battery. Of these nineteen, nine failed in only one category while the remaining 
ten failed in two or more categories. 
Table 1 is broken down into visual acuities and refractive error. When checking distance 
vision, three subjects had 20/40 vision or worse in the right eye (OD), while four had similarly 
poor vision in the left eye (OS). However, only two subjects failed the criteria when both eyes 
(OU) were used. It should be noted, that if the visual acuity was worse than or equal to two lines 
on the eye chart, the subject would fail the category as well. Near visual acuity was checked 
using only both eyes together (OU). Using the same criteria as distance, one subject failed this 
category when they were unable to see any of the letters. 
Using an autorefractor, all subjects were tested to determine the refractive error (power) 
of each individual eye. Both right eye and left eye categories had five subjects fail both. Failing 
criteria used was at least +1.50 Diopters or -0.75 Diopters in either eye and/or at least 1.00 
Diopter of anisometropia (difference in power) between the two eyes. In addition to these three 
categories, PUCO also uses astigmatism in their criteria; however, we chose not to include this 
as a means for failure in our study due to the fact that we chose to record all refractive errors in 
the Equivalent Sphere form. One subject did not meet the cover test cutoff for distance phorias 
9 
(greater or equal to 51'. esophoria or exophoria), while five did not meet the standards for near 
phorias (greater or equal to 51'. esophoria or 101'. exophoria). Subjects in the phoria categories 
were given either a Pass (P) or Fail (F) grade. None of the subjects failed to discriminate a 
minimum of 60 arc seconds of global stereopsis at 67 em. 
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Table 1. Vision screening data using PUCO norms. D = Fail or did not meet criteria 
~20/40 ~20/40 ~20/40 ~20/40 +1.50, or +1.50, or 
(0.3) either (0.3) either (0.3) either (0.3) -0.75 w/ -0.75 w/ 
NORMS= eye or 2 eye or 2 eye or 2 either VA loss, VA loss, 
lines lines lines eye A 1 D anisoA 1 D anisoA 
differenceA differenceA difference A 
LOG MAR LOG MAR LOG MAR LOG MAR 
DISTANCE DISTANCE DISTANCE NEAR 
VISUAL VISUAL VISUAL VISUAL REFRACTIVE REFRACTIVE 
ACUITY- ACUITY- ACUITY- ACUITY- ERROR (D)- ERROR (D)-
SUBJECT OD OS ou ou OD OS 
1 0.1 0.14 0.04 -0.26 4.375 3.5 
2 0.26 0.32 0.3 -0.3 -1 .375 -1 .125 
3 0.04 0 -0.04 -0.28 0.87 1 
4 -0.08 -0.1 -0.16 -0.3 0.625 0.5 
5 -0.2 -0.2 -0.18 -0.28 -1 .125 -1 .375 
6 -0.08 -0.2 -0.18 -0.3 0.5 I 0.375 I 
7 -0.14 0 -0 .1 -0.22 0.75 0 
8 -0.2 -0.18 -0.2 -0.3 0.5 0.75 
9 0.64 0.6 0.48 -0.28 -2.375 -2.375 
10 0.08 0.06 0.02 -0.3 -0.625 -0.375 
11 -0.04 -0.16 -0.08 -0.3 -1.125 -1.125 
12 -0.1 -1 .1 -0.1 -0.3 0.625 0.125 
13 0.04 I 0.02 0.02 -0.3 -0.5 -1 .125 
14 0.2 0.32 0.16 -0.02 0.625 0.625 
15 -0.16 -0 .12 -0.16 -0.3 1.375 0.375 
16 -0.08 -0.08 -0.1 -0.3 0 0.125 
17 -0.1 -0.06 -0.08 I -0.3 -0.125 0.375 
18 -0.04 -0.04 -0.04 -0.28 0.625 0.875 
19 0.38 0.18 0.08 -0.3 -1 .125 -0.875 
20 -0.06 -0.08 I -0.12 -0.3 -0.5 -0.875 
21 0.28 -0.08 -0.1 -0.26 0 -0.125 
22 0.12 0.06 0.04 -0.3 -0.75 -0.75 
23 0.14 -0.1 -0 .1 -0.22 1.25 0.625 
24 -0.22 -0.18 -0.22 none -1.125 -1.25 
25 -0.06 -0.2 -0.1 -0.3 -1 .375 -0.5 
26 0.02 -0.02 0 -0.26 -0.25 -0.375 
27 -0.1 -0.26 -0.26 -0.3 0.125 0.125 
28 -0.08 -0.08 -0.18 -0.26 0.75 0.375 
29 0.06 0.22 -0.04 -0.24 -0.875 -0.375 
30 -0.08 0 -0.08 -0 .26 0.125 -0.125 
31 -0.12 -0.14 -0.28 -0.3 0.375 0.375 
MEAN: 0.0 0.0 -0.1 -0.3 0.0 -0.1 
FAIL: 3 4 2 1 5 5 
11 
T, hl 1 a e , con t Vi" • d t lSWn screenmg a a. 
~5 eso/ <5 eso/ 
NORMS= 5 exo(-)A 1o exo(-)A ~6Q"A 
DIST. NEAR 
PHORIA PHORIA STEREO 
SUBJECT (P/F) (P/F) (arc sec) 
1 F p 30 
2 p p 15 
3 p p 15 
4 p p 15 
5 p F 15 
6 p p 24 
7 p p 12 
8 p p 12 
9 p p 24 
10 p p 12 
' 
11 p p 24 
12 p p 12 
13 p p 15 
14 p F 60 
15 p p 42 
16 p p 24 
17 p p 30 
18 p p 18 
19 p p 24 
20 p p 24 
21 p p 18 
22 p F 24 
23 p p 18 
24 p p I 12 
25 p F 15 
26 p p 18 
27 p p 12 
28 p p 15 
29 p F 24 
30 p p 30 
31 p p 18 
MEAN: p p 21 
FAIL: 1 5 0 
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Table 2 shows the supplementary vision tests that were conducted in addition to the 
screening battery from the PUCO protocol. Most subjects exceeded normed criterion for 
accommodative and vergence facilities, except for five who all suppressed in both categories 
(conseq1 ently bin0cular fc>_c-ility !esting \vas dissont!n'..!ed). One ~dditior:..:.l subject failed 
accommodative facilities and 6 additional subjects failed vergence facilities . Distance Rock 
PUCO norms (Appendix B) for fourth graders were used as a standard since no data was 
available for high school performance. Using fourth grade norms, seven high school subjects 
failed the distance rock test, unable to obtain at least 9.5 cycles per minute (cpm) on the 20/80 
size letters. Four subjects also failed the criteria for the 20/25 size letters (at least 5.8 cpm). One 
subject did not have adequate accommodative amplitude (cutoff at 10 em). 
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Table 2. Supplementary vision testing. n = Fail or did not meet criteria 
NORMS= ?_7.7 cpm 18 ?_8.1 cpm19 ?_9.5-14.5 cpm 9 ?_5.8-10.2 cpm 9 ~8.3-10.0 cm 20 
ACC FAC VERG 'FAC ROCK ROCK A.A. 
SUBJECT (cpm) (cpm) 20/80 20/25 OU (em) 
1 10 15.5 15 7 7 
2 suppressed suppressed 13 15 5 
3 suppressed suppressed 6 9 7 
4 22.5 7.5 9 9 6 
5 15.5 15.5 13 10 7 
6 13.5 9 15 11 6 
7 11 13.5 16 12 8 
8 18 8.5 11 10 5 
9 14.5 12 10 4 4 
10 su~essed suppressed 10 9 6 
11 15 20.5 10 9 5 
12 10 6 .5 11 10 7 
13 13 9.5 15 9 3 
14 10.5 10 9 5 5 
15 8 7.5 15 13 I 6 
16 10 10 15 11 9 
17 11 5.5 14 14 5 
18 15.5 12 7 7 I 4 
19 17.5 14 9 11 4 
20 suppressed suppressed 15 11 4 
21 13.5 9.5 13 5 6 
22 8.5 9 13 I 15 7 
23 16.5 15 12 10 5 
24 14.5 8.5 15 12 4 
25 17 15.5 13 9 I 2 
26 13.5 10 14 11 3 
27 15 7 11 10 3 
28 11 11 .5 16 10 3 
29 6 9.5 12 7 3 
30 8.5 5 9 5 2 
31 suppressed su_2pressed 7 8 11 
MEAN: 12.2 8.6 12.0 9.6 5.2 
FAIL: 6 11 7 4 1 
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Table 3 includes data about Visagraph, Informal Reading Inventory (IRI), and Dyslexia 
Determination Test (DDT) results. Twenty-five subjects performed below their actual grade level 
on the Visagraph, while fifteen were substandard on the IRI. In order for the level to count on 
the Visagraph, each subject was required to attain a minimum 70% reading comprehension level 
as tested via a series of questions following the reading passage. The IRI required a 75% reading 
comprehension in order for the level to count. Five subjects performed below their actual grade 
level on the decoding portion ofthe DDT, and fifteen showed up as dyslexic. The three graded 
categories of dyslexia are: dysphonesia (P) which is a "deficit in visual-symbol and sound 
integration, and the inability to develop phonetic word analysis-synthesis skills;" dyseidesia (E) 
which is a "deficit in the ability to perceive whole words as visual gestalts and match them with 
auditory gestalts;" and dysphoneidesia (PE) which is a "deficit in grapheme-phoneme integration 
and in the ability to perceive whole words as visual gestalts and match them with auditory 
gestalts (mixed dysphonetic and dyseidetic)."15 
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Table 3. Reading and Dyslexia tests. D= Fail or did not meet criteria 
VISA GRAPH 
GRADE 
TEHS LEVEL/ VISA GRAPH IRI IRI DDT DYSLEXIC? 
GRADE EYE MOV'T READING INSTRUCT. READING GRADE P, E, PE, 
SUBJECT PLACEMENT EFFICIENCY COMP. LEVEL COMP. LEVEL or no 
LEVEL 
1 10 7 I 1.3 100% 5 80% ? E 
2 10 10/4.85 50%* 10 75% 12 no 
3 9 I 10/8.3 85% 12 75% >12 no 
4 10 10111 .9 75% 9 80% 12 no 
5 9 10 I 12.05 85% 12 85% 12 no 
6 11 7 I 1 85% 9 95% 12 no 
7 10 1014.7 100% 5 90% 8 no 
8 10 10 I 10.95 70% 11 75% 12 no 
9 9 10 I 2.65 85% 12 75% 12 E 
10 9 10112.1 I 90% 11 75% >12 no 
11 12 10 I 10.5 60%* 11 80% 12 p 
12 12 7 I 9.3 75% 7 75% 12 p 
13 12 10/4.75 75% 11 85% 12 p 
14 9 1015.15 90% 12 75% >12 no 
15 10 10 I 5.25 80% 12 75% 4 PE 
16 10 10/5.15 90% 12 75% 12 no 
-
17 12 10 I 4.05 65%* 11 75% 12 PE 
18 9 10 I 12.55 60%* I 11 80% 12 no 
19 11 1014.75 90% 10 100% 12 E 
20 10 3/4 75% 3 80% 6 PE 
21 11 10 I 5.95 55%* 12 75% 8 PE 
22 10 4/7.55 35%* 4 75% 12 no 
23 9 4/3.75 65%* 4 75% 12 p 
24 10 717.45 85% 12 75% 12 E 
25 11 10/4.15 70% 12 75% >12 no 
26 10 10 I 10.95 90% 11 75% 12 E 
27 11 10 I 1.3 95% 12 75% 12 no 
28 12 7/1 65%* 9 75% 12 no 
29 9 6/1.55 75% 3 80% 8 E 
30 11 10/10.05 85% 12 75% >12 no 
31 12 7 I 7.5 85% 9 75% 12 p 
MEAN: 10 9/6.3 77% 9.5 79% 11.0 48% 
FAIL: N/A 25 N/A 15 N/A 5 15yes 
*for unexplained reasons, Visagraph recordings were not repeated w1th these seven subjects unttl the recommended 
70% comprehension score was attained. 
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In Table 4, all subject data was separated into two groups: those with vision problems 
and those without. Vision problems referred strictly to the vision tests performed in this study, 
and excluded such tests as the Visagraph, IRI, and DDT. According to the protocol used from 
Pacific University's College of Optometr~, a subject failed the vision screening if they 
underperformed in as little as one category. Twenty-two subjects failed the expanded vision 
screening, while the remaining nine subjects met or exceeded all criteria. A two-tailed t-test 
assuming unequal variances was then performed on the two groups for statistical significance 
(p:.:;0.05). Three categories proved to be significant: accommodative facility (0.04), vergence 
facility (0.02), and Distance Rock (0.02). 
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Table 4. Subjects with vision problems 
OVA- OVA- OVA-
SUBJECT RE LE ou 
1 0.1 0.14 0.04 
2 0.26 0.32 0.3 
3 0.04 0 -0.04 
4 -0.08 -0.1 -0.16 
5 -0.2 -0.2 -0 .18 
9 0.64 0.6 0.48 
10 0.08 0.06 0.02 
12 -0.1 -1.1 -0.1 
14 0.2 0.32 0.16 
15 -0.16 -0.12 -0.16 
17 -0.1 -0.06 -0.08 
18 -0.04 -0.04 -0.04 
19 0.38 0.18 0.08 
20 -0.06 -0.08 -0 .12 
21 0.28 -0.08 -0.1 
22 0.12 0.06 0.04 
24 -0.22 -0.18 -0.22 
25 -0.06 -0.2 -0.1 
27 -0.1 -0.26 -0.26 
29 0.06 0.22 -0.04 
30 -0.08 0 -0.08 
31 -0.12 -0.14 -0.28 
MEAN 0.04 -0.03 -0.04 
Subjects without vision problems 
6 
7 
8 
11 
13 
16 
23 
26 
28 
MEAN 
P{T<=t) 
two-tail 
-0.08 
-0.14 
-0.2 
-0.04 
0.04 
-0.08 
0.14 
0.02 
-0.08 
-0.05 
-0.2 -0.18 
0 -0.1 
-0.18 -0.2 
-0.16 -0.08 
0.02 0.02 
-0.08 -0.1 
-0.1 -0.1 
-0.02 0 
-0.08 -0.18 
-0.09 -0.10 
NVA-
ou 
-0.26 
-0.3 
-0.28 
-0.3 
-0.28 
-0.28 
-0.3 
-0.3 
-0.02 
-0.3 
-0.3 
-0.28 
-0.3 
-0.3 
-0.26 
-0.3 
0 
-0.3 
-0.3 
-0.24 
-0.26 
-0.3 
-0.26 
-0.3 
-0.22 
-0.3 
-0.3 
-0.3 
-0.3 
-0.22 
-0.26 
-0.26 
-0.27 
n = Fail or did not meet criteria 
RE RE OIST. NEAR STEREO 
_(_00) (OS) PHORIA PHORIA THOLO 
4.375 3.5 -6 -6 30 
-1 .375 -1.125 0 -4 15 
0.87 1 0 -4 15 
0.625 0.5 0 -6 15 
-1.125 -1.375 0 -10 15 
-2.375 -2.375 0 -2 24 
-0.625 -0.375 0 -8 12 
0.625 0.125 0 -4 12 
0.625 0.625 0 5 60 
1.375 0.375 0 -4 42 
-0.125 0.375 0 -2 30 
0.625 0.875 0 -2 18 
-1.125 -0.875 0 0 24 
-0.5 -0.875 0 0 24 
0 -0.125 0 0 18 
-0.75 -0.75 2 18 24 
-1.125 -1.25 0 -6 12 
-1.375 -0.5 0 18 15 
0.125 0.125 0 0 12 
-0.875 -0.375 0 -10 24 
0.125 -0.125 0 0 30 
0.375 0.375 0 0 18 
-0.074 -0.102 0 -1 22 
0.5 0.375 0 0 24 
0.75 0 0 -6 12 
0.5 0.75 0 -4 12 
-1.125 -1.125 0 -2 24 
-0.5 -1.125 0 -2 15 
0 0.125 -3 -8 24 
1.25 0.625 0 -2 18 
-0.25 -0.375 0 0 18 
0.75 0.375 0 -8 15 
0.208 -0.042 0 -4 18 
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Table 4, cont. Subjects with vision problems. n = Fail or did not meet criteria 
VISA-
A.A. GRAPH IRI 
ACC VERG ROCK ROCK ou GRADE INSTR. DDT 
SUB. FAC FAC 20/80 20/25 (em) LEVEL COMP. LEVEL COMP Level 
1 10 15.5 15 7 7 7 100% 5 80% ? 
2 0 0 13 15 5 10 50% 10 75% 12 
3 0 0 6 9 7 10 85% 12 75% 12 
4 22.5 7.5 9 9 6 10 75% 9 80% 12 
5 15.5 15.5 13 10 7 10 85% 12 85% 12 
9 14.5 12 10 4 4 10 85% 12 75% 12 
10 0 0 10 9 6 10 90% 11 75% 12 
12 10 6.5 11 10 7 7 75% 7 75% 12 
14 10.5 10 9 5 5 10 90% 12 75% 12 
15 8 7.5 15 13 6 10 80% 12 75% 4 
17 11 5.5 14 14 5 10 65% 11 75% 12 
18 15.5 12 7 7 4 10 60% 11 80% 12 
19 17.5 14 9 11 4 10 90% 10 100% 12 
20 0 0 15 11 4 3 75% 3 80% 6 
21 13.5 9.5 13 5 6 10 55% 12 75% 8 
22 8.5 9 13 15 7 4 35% 4 75% 12 
24 14.5 8.5 15 12 4 7 85% 12 75% 12 
25 17 15.5 13 9 2 10 70% 12 75% 12 
27 15 7 11 10 3 10 95% 12 75% 12 
29 6 9.5 12 7 3 6 75% 3 80% 8 
30 8.5 5 9 5 2 10 85% 12 75% 12 
31 0 0 7 8 11 7 85% 9 75% 12 
MEAN 10 8 11 9 5 8.68 n% 10 78% 10 
Subjects without vision problems 
6 13.5 9 15 11 6 7 85% 9 95% 12 
7 11 13.5 16 12 8 10 100% 5 90% 8 
8 18 8.5 11 10 5 10 70% 11 75% 12 
11 15 20.5 10 9 5 10 60% 11 80% 12 
13 13 9.5 15 9 3 10 75% 11 85% 12 
16 10 10 15 11 9 10 90% 12 75% 12 
23 16.5 15 12 10 5 4 65% 4 75% 12 
26 13.5 10 14 11 3 10 90% 11 75% 12 
28 11 11.5 16 10 3 7 65% 9 75% 12 
MEAN 14 12 14 10 5 8.67 78% 9 81% 12 
I P(T <=t) I 0.04* I 0.02* I 0.02* 0.19 1.00 0.99 0.87 0.70 0.34 0.19 
*=statistically significant (ps_0.05) 
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Further analysis using a correlation matrix and bivariant scattergrams with regression 
revealed no significant correlation between the subjects' actual grade levels, their performances 
on the IRI, Visagraph, or the DDT. 
Correlation Matrix 
Actual i r i visagraph re 
Actual 
i r I 
1.000 
.107 
.1 07 ·.169 
1.000 .308 
visagraph ra -.169 .308 1 .000 
ddt .133 .417 .350 
31 observations were used In this computation. 
:E 
Bivariate Scattargram with Regression 
1 3 ' 
12 0 0 0 
11 0 0 0 
10 1------~0~--~----~~ 9 - 0 0 0 
8 
7 0 
6 
5 -
4 0 
0 
0 
0 
0 3 
2 +-~.-~r-~~~~-r~-~~~--+ 
8.5 9 9.5 10 10.5 11 11.5 12 12.5 
Actual 
iri = 6.427 + .302 • Actual; R"2 = .011 
Bivariate Scattergram with Regression 
14 +-~~~~~-~~J_~~~~~~ 
12 
10 
4 
0 
0 8 0 
8 0 
: +-~0~~.0~-~~~ ~~~T0~~or~~~t 
2 3 4 5 6 7 8 9 10 11 12 13 
iri 
vlsagraph re = 2.777 + .373 • irl; R"2 = .095 
ddt 
.133 
.417 
.350 
1.000 
Bivariate Scattergram with Regression 
14 4-~~_.-L~~~--~._~--~--~ 
12 
10 
8 0 0 0 
~ 6 0 
4 j 0 
~ j 0 - --
-2 +--.=..---. 
0 2 4 6 8 10 12 14 
visagraph re 
ddt= 9.052 + .272 • visagraph ra; R"2 = .122 
Bivariate Scattergram with Regression 
12.5 l I ' I ' I I I I 
1il 
12 
11.5 
11 
~ 10.5 
< 10 -
0 0 
: : .~-~~~~-~~~~o~~~~J 
- 2 0 2 4 6 8 10 
ddt 
Actual= 9.784 + .05 • ddt; R"2 = .018 
12 14 
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Slvariate Scattergram with Re.gresslon 
2 3 4 5 6 7 8 9 10 11 12 13 9.5 9 9 .5 10 10.5 1 I , 1 fi 1 2 12..5 
irt Actual 
ddt ;= 7.032 + .39.2 • lri: R"·2 = . f? visagraph re = 12c295 • .577 • Actual; RA2"' .029 
"1 1:-,_ 8 ,; 7 
6 
5 0 
ll 0 
3 0 0 
2 ' 
·2 0 !!' 4 6 8 10 
ddt 
lrl = 4.77 + .443 • ddt; R"2 = .174 
Table 5 includes data on Attention Deficit Disorder/ Attention Deficit Hyperactivity 
Disorder (ADD/ADHD). To further supplement our study, ADD/ADHD information was 
collected from the school and from the students themselves, revealing twenty students with the 
condition. When asked about medications, we were informed that twenty-four students were on 
some sort of treatment, whether or not they had ADD/ ADHD. For side-by-side comparison, a 
list of the subjects with visual problems is also included. 
) 
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Table 5. Visual problems, ADDIADHD, or meds. D =yes 
SUBJECT VISUAL PROBLEMS ADD/ADHD TAKING MEDS 
1 yes no no 
2 yes no no 
' 
3 yes yes yes 
4 yes yes yes 
5 _yes yes yes 
6 no yes yes 
7 no yes yes 
8 no yes yes 
9 yes yes yes 
10 yes yes yes 
11 no yes yes 
12 yes yes _yes 
13 no yes yes 
14 yes yes yes 
15 yes yes yes 
16 no no yes 
17 yes no yes 
18 yes no no 
19 yes no no 
20 yes no no 
21 yes no yes 
22 yes yes yes 
23 no yes yes 
24 yes y_es yes 
25 yes yes yes 
26 no I .y_es yes 
27 yes yes yes 
28 no yes yes 
29 yes no yes 
30 yes no no 
31 yes no I no 
MEAN: 72% 64% 77% 
RESULTS: 22yes 20yes 24yes 
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Discussion 
Although Thomas Edison High School in Pmtland, Oregon, is only one of many schools 
nationwide that provide an educational setting for academically at-risk students, the data 
collected from it can be very helpful in understanding more about this population and the needs 
they have. Out of the 64 total students in the school, 31 were tested with a visual battery along 
with supplementary eye movement, reading, and dyslexia tests. Of these, 22 (72%) of the 
subjects failed at least one vision category and were given a coupon for a complimentary eye 
examination at PUCO. It is my opinion that 72% seems to be a high number of students with 
vision problems, and my investigation has proved to be difficult in finding comparable studies of 
academically at-risk adolescents . In one of the few reports that I did find, Joel Zaba reported an 
85% failure rate on one or more vision tests of 81 at-risk students, but his data not only included 
high school students but also elementary and middle-schoolers.12 Using an unpaired two-tailed t-
test, statistical analysis identified three out of the nineteen potential categories comparing 
students with vision problems to students without vision problems as being significantly different 
(p~0.05 = 95% confidence). The t-test is used to determine whether a significant difference 
exists between two group means and helps to answer the underlying question: do the two groups 
come from the same population and only appear different because of chance errors, or is there 
some significant difference between these two groups such that we can say that they are really 
from two entirely different populations? The significant categories were: accommodative 
facility, vergence facility, and distance rock. WhjJe I expected to find more categories of 
statistical significance between the two groups, the mere fact that almost three-quarters of the 
sample population failed the vision screening (per the PUCO protocol along with our 
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supplementary vision tests) is alarming. It 1s my conclusion that good vision has a high 
correlation with academic success. 
In addition to good eyesight and eye coordination, the brain must work properly in order 
for words to be processed efficiently and accurately. Dyslexia is "a neurological-functional 
problem manifest as a deficit in word decoding, encoding, and nemkinesia due to minimal brain 
dysfunction and/or differential brain function resulting in poor performance in reading 
·(decoding), spelling (encoding), and writing (nemkinesia)."16 When administered the DDT, 15 
subjects (48%) proved to have dysphonesia (phonetic word problems), dyseidesia (visual word 
problems), or dysphoneidesia (combination of both dysfunctions). With so many of our subjects 
identified as having dyslexia, the DDT manual suggests that it comes as no surprise that these 
students struggle in school. 16 Once dyslexia is properly assessed and any visual problems are 
addressed, there are appropriate therapies that can help, e.g. by starting with phonics for a 
dyseidetic individual (their strong point) and working up to phonetic word attack tasks (their 
weak point). 16'21 
One of the goals of this experiment was to determine whether the results from the 
Visagraph, Informal Reading Inventory, and Dyslexia Determination Test had any correlation to 
one another. Based on the correlation matrix and bivariant scattergrams with regression, the 
results seem to indicate that these tests do not have any direct relationship to one another. 
Although they all come up with some sort of grade placement, each test has a specific way to 
find it based on the subject matter it is testing. While some of the grade placement levels 
coincide, one test cannot be used as a predictor for the next. 
Finally, data was collected at Thomas Edison High School to find out how many of these 
students have Attention Deficit Disorder/ Attention Deficit Hyperactivity Disorder 
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(ADD/ADHD). This information was originally obtained by asking each subject directly, and 
the results were later corroborated from the school with consent. The findings revealed that 20 
subjects out of the 31 (64%) have a confirmed diagnosis of ADD/ADHD.22 Furthennore, I 
learned that not only were all 20 of these subjects on some sort of medication for their behavior, 
but an additional 4 who did not have a diagnosis of ADD/ ADHD were taking medications as 
well (77% ). Perhaps the most commonly prescribed drug for ADD/ ADHD is Ritalin 
(methylphenidate hydrochloride, Novartii6).21 •24 A recent study done by Farrar, Call, and 
Maples24 found that visual system dysfunctions are reported and/or experienced much more 
frequently in children with ADD/ ADHD than in age-matched norms. The investigators further 
mentioned that Ritalin commonly causes blurry vision as a side effect. While further research 
still needs to be done, my data seems to coincide with the evidence to date showing a greater 
number of visual problems in ADD/ADHD and academically at-risk adolescents. 
In summary, I expected to find more statistical significance when companng 
academically at-risk individuals with vision problems to those without problems, but I was 
surprised to find only three categories of 95% certainty (p~0.05). While I have confidence in my 
data, it could be called into question for several reasons. One cause for error includes utilizing 
third and fourth-year optometry students for much of the testing and data co11ection. Since 
testing had to be conducted over several days, different optometry students had to be recruited, 
depending on who was available at the time, and consequently, the testing methods could have 
varied slightly with each new examiner. Students do not have a lot of experience to this point, 
and this especially becomes evident when a test requires the examiner to subjectively gauge a 
response from the subject, as in the cover test. A doctor of optometry was present at all times, 
but he/she was often busy administering one or more of the tests; as a result, students were not 
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always closely monitored. Other discrepancies might have occurred during the administration of 
the Visagraph, as noted by several reading comprehension values that were recorded before the 
requisite 70% comprehension level was achieved (See Table 3). Still yet, the subjects were 
tested with their habitual corrective lenses in place, but if they failed to have their necessary 
correction, the testing was continued anyhow. I went under the assumption that since the subject 
chooses to forgo wearing his/her correction for whatever reason, their uncorrected vision is what 
they routinely use at school (which is what I preferred to test). It is possible that some of the 
subjects simply misplaced their glasses or contact lenses during testing, which would lend some 
of the data to be somewhat inaccurate. Finally, the data I collected regarding ADD/ADHD came 
from the school and the students themselves. This diagnosis was never confirmed with medical 
records, but I have no reason to believe that the data is otherwise incorrect. 
A link seems to exist between having vision problems and having school difficulties. 
Although reading tests such as the Visagraph, IRI, and DDT do not seem to be analogous to one 
another, they appear to be good indicators of whether or not students will struggle academically. 
I also found it very interesting that a high number of these academically at-risk students were 
reportedly ADD/ADHD (64%). Academically at-risk adolescents are already at a disadvantage 
in school, so they do not need any other hindrances, such as vision problems, dyslexia, and/or 
ADD/ADHD. 
In conclusion, it is my hope that the data from this investigation will contribute to 
understanding the complex relationship between visual skills and academic performance. 
Schools such as Thomas Edison High School should be commended for the outstanding work 
they are doing in helping at-risk adolescents succeed and for their cooperation in identifying 
vision problems in their students. Further investigation and education between eye care 
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professionals and educators is vital in this often overlooked area of today' s youth. Until then, 
many adolescents will continue to struggle in school, perhaps unnecessarily. 
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APPENDIX A 
Pacific University College of Optometry Screening Program 
Criteria for Referral 
A. Visual Acuity 
1. Distance 
2. Near 
B. Refractive Error 
1. Hyperopia 
2. Myopia 
3. Astigmatism 
4. Anisometropia 
C. Binocularity 
1. Stereo 
2. Near Point of Convergence 
3. Cover Test Distance 
a. Strabismus 
b. Esophoria 
c. Exophoria 
d. Hyperphoria 
4. Cover Test Near 
a. Strabismus 
b. Esophoria 
c. Exophoria 
d. Hyperphoria 
20/40 or poorer, either eye 
More than 2 lines difference between eyes 
Same as distance 
+1.50D or more 
-0.75D or more with VA loss 
l.OOD or more 
l.OOD or more 
Less than 60 arc seconds 
4 inches or greater 
Any 
5tl or greater 
5tl or greater 
2t~ or greater 
Any 
5tl or greater 
lOt~ or greater 
2t~ or greater 
D. Ocular Health Any verified pathology or medical anomaly of eye 
and/ or adnexa 
E. Intraocular Pressure (if tested) 
1. Each eye 26 mm Hg or greater (borderline = 22-25 mm Hg) 
2. Difference between eyes 6 mm Hg or greater (borderline = 4-5 mm Hg) 
F. Blood pressure (if tested) 
l . Diastolic 90 mm Hg or greater 
*Categories A-C tested with habitual lenses in place. 
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APPENDIXB 
From: 
I Pacific University College of Optometry Distance Rock Testing Protocol 
NORMS 20/80 20/25 
Elite athletes 15.7 cpm (:t-6.4) 10.8 cpm (:+3.6) 
Fourth _grade children 12.0 cpm (+2.5) 8.0 cpm (+2.2) 
Firstgrade children 7.3 cpm (+2.3) 4.2 cpm (+ 1.3) 
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